A soluble antigen extract of Brucella abortus (BASA) 
A soluble antigen extract of Brucella abortus (BASA) has been prepared by the National Veterinary Services Laboratories and furnished to a number of workers who are examining antibody-mediated and cell-mediated immune responses of cattle infected with B. abortus. Three lots of BASA were examined. There were quantitative but not qualitative differences among lots by content of protein, total carbohydrate, hexose, fatty acid, and 2-keto-3-deoxyoctonic acid. The presence of smooth lipopolysaccharide was demonstrated by the presence of 2-keto-3-deoxyoctonic acid and lipid, by Limulus lysate gelation activity, and by formation of characteristic lipopolysaccharide precipitates in immunoelectrophoresis. A polysaccharide antigen as well as two nonsurface antigens, A2 and C, were also identified. BASA is a satisfactory antigen for use in the enzyme-linked immunosorbent assay since the smooth lipopolysaccharide component bound to polystyrene and functioned in the test. Normal murine spleen cells showed a mitogenic response to BASA similar to that produced by purified smooth lipopolysaccharide. BASA has been used in other laboratories to stimulate peripheral blood leukocytes from cattle infected with B. abortus. Because BASA is a mixture of antigenic components shown to have mitogenic effects in the mouse system, questions on the nature of its stimulatory effect on bovine cells are raised.
Stabilization of the prevalence of bovine brucellosis nationally, and indeed an increase in its prevalence in the southern states during the past decade (15, 34) , have stimulated increased research on the disease. Investigations on improvement of diagnostic methods have received particular attention, in part because cattle immunized with the attenuated strain 19 of Brucella abortus may have residual antibody specific for the smooth lipopolysaccharide (S-LPS) complex, which cannot be distinguished from that resulting from infection (34, 40) . Approaches to the problem have included examination of both antibody-mediated (9, 31, 33) and cell-mediated immune responses (17-19, 21, (2, 6, 26) . These tests include the automatable enzyme-linked immunosorbent assay (ELISA) (7, 8, 22, 29, 36) .
In a number of investigations with both cellmediated immunoassays and ELISA, a soluble antigen extract of B. abortus (BASA) produced by the Reagents Section, National Veterinary Services Laboratories, U.S. Department of Agriculture has been used (7, 18, 29, 36) . This extract is the supernatant fluid from autoclaved cells of B. abortus strain 1119-3, whose composition has been partially described (18) . The objectives of the work reported here were (i) the chemical characterization of three different lots of BASA, (ii) the antigenic analysis of BASA relative to content of S-LPS and non-S-LPS antigens, (iii) the determination of the extent of variability of composition among the lots, and (iv) the examination of some of BASA's biological activities.
MATERIALS AND METHODS
Preparation of antigen extracts. BASA was prepared at the National Veterinary Services Laboratories, Ames, Iowa, from strain 1119-3 cells which had been propagated in a fermentor as described by Alton et The marker proteins (5,ug each) were phosphorylase b (molecular weight, 94,000), bovine serum albumin (molecular weight, 68,000), catalase (molecular weight, 58,000), fumarase (molecular weight, 49,000), aldolase (molecular weight, 40,000), carbonic anhydrase (molecular weight, 29,000), hemoglobin (molecular weight, 16 ,000), and cytochrome c (molecular weight, 12,000).
LLGA. Assays were performed as described by Sullivan and Watson (35) except that the rack of tubes was removed from the 37°C water bath after 1 h and held at 4°C for 15 min before determination of gelation. The test mixture consisted of 0.1 ml of Limulus lysate and 0.1 ml of antigen solution. Activity was (9) .
Sera from B. abortus-infected cattle, hyperimmune rabbit sera, and monospecific sera were those previously described by Schurig et al. (31) .
ELISA. BASA was used in comparison with a preparation of S-LPS from B. abortus strain 1119-3 in the ELISA described by Lamb et al. (22) with sera from infected cows. Separate enzyme conjugates specific for IgM, IgGI, and IgG2 were used. The S-LPS preparation contained 30% protein by the Lowry method (23) and had been employed by Lamb et al. (22) at a concentration of 10 ng/ml of carbonate buffer. In the present study, tests were also done with S-LPS concentrations of 10 ng, 100 ng, 1 ,ug, and 10 jug/ml. Dried BASA lot 10 was reconstituted in carbonate buffer at 10 mg/ml and employed in the ELISA at 1:1,000 dilution, as reported by Saunders et al. (29) , and also at 1:100,000 dilution.
Mitogen assay. Assays of mitogenic activity of extracts for mouse spleen cells were done as described by Moreno and Berman (24) with spleen cells from the endotoxin-resistant C3H/HeJ (38) and the congenic, endotoxin-sensitive C3H/HeAU mice provided by R. Auerbach (Zoology Department, University of Wisconsin).
Culture medium was RPMI-1640 (GIBCO Laboratories, Grand Island, N.Y.) containing 2 mM glutamine, 100 U of penicillin per ml, 100 yIg of streptomycin per ml (GIBCO), 5 x 10-5 M 2-mercaptoethanol, and 25 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid, Microbiological Associates, Walkersville, Md.).
Antigen extracts were dissolved in culture medium with the aid of sonication (Sonicator 180, British Instruments Inc.) at a concentration of 2.5 mg/ml and filtered through 0.45-ytm-pore size filters (Millipore Corp., Bedford, Mass. 
RESULTS
Chemical analytical data and LLGA, given in Table 1 , show the extent of variation among the three lots of BASA in protein, total carbohydrate, and hexose content. All three lots contained lipid and KDO and had the same LLGA. The data obtained with crude B. abortus S-LPS (f5) were similar to that seen with the three lots of BASA, with the exception of LLGA and content of protein and lipid.
The presence of S-LPS in BASA was also demonstrated by immunodiffusion (Fig. 1) . On the basis of dilution to extinction of the S-LPS line, as well as LLGA, BASA lot 10 contained approximately half the quantity of S-LPS as f5.
Attempts were made to show identity of the S-LPS component with different preparations of smooth Brucella, including crude S-LPS from B. melitensis; the latter diffuses better than S-LPS from B. abortus. However, the S-LPS components did not diffuse far enough for the lines to join (Fig. 2) . Poly B, the second component in Fig. 1 , showed complete identity with poly B in other S-LPS preparations (Fig. 2) , as well as with poly B prepared from a rough strain of B. melitensis which lacks S-LPS (Fig. 3) .
BASA lot 10 (31) . The use of reference sera from the previous study showed that antigens A2 and C are present in BASA; there were also additional antigenic components which could not be identified. As shown in Fig. 4 , BASA and the LPS-free extracts have a common component which develops reactions of identity with infected cow sera and with monospecific anti-A2 serum. The infected cow serum pool also reveals a second line with BASA, but not with the protein antigens prepared from rough Brucella strains.
Antigen C had been identified as positively charged on the basis of its migration in immunoelectrophoresis of sonic extracts or protein extracts of rough brucellae (31) . The presence of antigen C in BASA was inferred from formation of a precipitate in immunoelectrophoresis in a position corresponding to that of antigen C in 45/20 sonic extract (Fig. 5) anti-IgG2), the levels of binding of antibody to BASA at a 1:100,000 dilution and to S-LPS at 10 ng/ml were equivalent. The optical densities in these tests were low. Higher levels of binding were observed with BASA at 1:1,000 dilution, and these were equivalent to those obtained with S-LPS at 1 or 10 lig/ml.
As both the S-LPS preparation and BASA had high protein content, it is possible that antibody in the serum might be binding to components in addition to S-LPS. To Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the three lots of BASA is illustrated in Fig. 6 bands in the gels is attributable, at least in part, to the relatively high content of S-LPS and to the presence of salt in these preparations. There were quantitative differences related to the differences in protein content among the three preparations, but qualitative differences were not apparent.
The mitogenic response of spleen cells of the endotoxin-resistant C3H/HeJ mice to BASA lot 13 and to other mitogens is shown in Fig. 7 (18) that maximum stimulation in their lymphocyte transformation system occurred in cultures incubated for 6 days and by the fact that LPS-free brucellin produced less stimulation of PBL (17) . Alternatively, the increased response of PBL may be one manifestation of nonspecific increase in sensitivity of Brucella-infected animals to the toxic effect of enterobacterial as well as Brucella LPSs reported by several investigators (1, 10) . Consistent with this hypothesis is the observation of Schurig et al. (30) that PBL from Campylobacter-infected cows, but not those from normal animals responded to E. coli LPS. Also, it is known that in vitro transformation responses of lymphocytes from humans and other animals during severe infection or after vaccination (4, 12, 28) 
